• 1 An understanding of pion production in relativistic heavy ion collisions is needed for several reasons. Firstly, it is the predominant production process at Bevalac energies. Secondly, pion production has been suggested as a probe of the compressional energy in the high density phase of near head-on collisions. 1 ,2 Thirdly, a comparison between pion and proton energy spectra has been suggested as a method of identifying the presence of collective flow effects in the expanding nuclear system. 3 ,4,5 Previous experimental studies of the pion spectra have been for inclusive measurements only.6 Attempts have been made to fit the results using a variety of hypotheses, including collective flow,3,4,5 pion absorption 7 and different thermal freezeout times for the pions and protons. S The most successful method has been the intranuclear cascade mode1 9 ,10 based upon A-dominance in the production mechanism. In the present experiment we have used a central collision trigger to provide a well defined collision geometry as close to an idealized "fireball" as possible, and to eliminate complications such as spectator matter effects. The pion and proton energy spectra are found to be close to Boltzmann-like temperature distributions, but with very different effective temperatures. We find that the results can most simply be described using the decay kinematics of A-resonances in thermal equilibrium, confirming the A-dominance assumed in the intranuclear cascade calculations which fit the data quite well. However, we find that the comparison of pion and proton spectra does not give sufficient accuracy for determining contributions from collective flow, without further assumptions.
The LBL Streamer Chamber facility was used to study central collisions of Ar + KCl at 1.8 GeV/nucleon, for which the total ~-yields and proton flow distributions have previously been reported 11 ,12. The experimental procedures are described in Reference 13. Events were selected to correspond 2 to impact parameters of less than 2.4 fm. It has been found by exclusive measurements of the protons 12 that in such events the central higher density parts of the interacting nuclei (as seen along the beam direction) stop in each other and decay isotropically, while nucleons in the nuclear peripheries often do not undergo enough collisions to be equilibrated. The latter "corona effect" must be borne in mind when considering the present data. The invariant ~-production cross section in the c.m. system was measured as a function of pion kinetic energy E and angle Q, and fitted with the expression (1) The pion yield as a function of the c.m. angle Q then follows from an"energy average of both sides of (1), do dCOSQ a: (2) The insert in Fig. 1a shows the distribution do/dcOSQ and a fit with eq. (2) where a = 0.52. As the ratio of the anisotropic fraction to the total yield is given by a = a ! 3 in this parameterization, a mean anisotropy of a=0.15 Fig. 1a shows that about 70% of the yield falls in the first interval, E ~ 100 MeV, with complete isotropy. The majo~ fraction of the overall anisotropy is contributed by the yield at 100 ~ E ~ 350 MeV, which is about 25% of the total. The remaining 5% of the yield, at E > 350 MeV, tends towards isotropy at the highe~t energies. Somewhat similar resu1ts 6 have been reported for inclusive pion data for Ar + KC1 at 0.8 GeV/nuc1eon, but with a higher overall degree of anisotropy, resulting from the contribution of larger impact parameters to those data. The latter conclusion is reached by studying minimum bias data obtained at 1.8 GeV/nuc1eon (not illustrated here)
where we find a smooth fall-off in the overall anisotropy from a = 0.50 to a = 0.10 with increasing participant multiplicity (decreasing impact parameter).
,Overall isotropy of pion production, as required for pions by the The thermodynamic mode1 15 ,16 predicts that the c.m. energy spectra will be represented by a temperature Twh i ch characterizes a Maxwell-Boltzmann gas:
where p and E are the pion c.m. momentum and total energy respectively. It is important to note that in this model only d 3 a/ dp3 should follow a simple exponential law whereas d 2 a/dndE and the invariant cross section, E • d3aldp3, will contain additional energy-dependent factors. The effective temperatures extracted from our data by using eq. (3) Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable.
